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EEHK, EReE " TERL, Bmei’, X

(1. EHRIME R YIRS SRk e, JLAT 1000485 2. B HRIM S KA B ZR UK SRR ST Hol, JERT 100048)

WE . MENEZAIRTT KRN, K52 N TSR SRR R K g, oK IR B g R IR A K% 4. higRdL
TR K IR L 25 25 7K B B Bk 25 40 22 R AE R A0 DT RE 4 9 2 AR Ak, FOKIRRR E 0 2 (B2 ) 2K R HEAT R B, B
16S rDNAK 3 FR 1 - BeA< B2 245 (T-RFLP) FlE it PCR 55 5 L WF 58 T %5 25 7K 2 /K M 4 T 70 i 1) 2 B 43 A0 AR AE, DT RI
RO, ZICGETT oW ia R AR S P N - 2 ) e R OC FR . AR R D% /K A AR BR 2 A T 7K % 20 ~ 30 m
Ib, KIRAEEIAE 15 ~ 19°C, RIS 7 A-RAKZERI 3 I (B2 Al IX (R )2) W25, . DO, pH 7£ 15 m LU
TREEAL, B JA . MASE . UMSEAKLBATE 15 m 5 &4 B4k, AMKF R A B8 TE B 516 R 1E
Q@RDAGHIEE R R, FTKZREME, pH, BSE | ZA . SRR S AR W B 254, &0 % =K
FEAN B RS TR LA A0 0 E IR QR 1 80 R /K IR AR AL 1 i shd I i, Hoip i 5 X 40 B Y Shannon-Wiener $5
HOF T-RFs 7 BOBO 0 TO AU, BEITRK RS oK BEAK AR vh A TR T E 3 0 A A TE B 0 A0 IR IR 4. AT ERSY T KR #3
JEXT AR AR T B 20 R RV B AT SR T K U 2 A R K R A B R LR 2R AR

KW )R BEKE; BEE T MERE A RomBR I PE R Bt 2 8 (T-RFLP)
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Water Quality Characteristics and Distribution of Bacterial Communities During

Thermal Stratification in the Miyun Reservoir

WANG Yu-bing', WANG Xiao-yan'*>* , PANG Shu-jiang', YANG Xiao-ming', LIU Yang'

(1. College of Resource Environment and Tourism, Capital Normal University, Beijing 100048, China; 2. Research Center of Aquatic
Environment in the Capital Region, Capital Normal University, Beijing 100048, China)

Abstract: As an important urban drinking water source, reservoirs are a special type of water body formed by artificial dams. Water
quality of reservoirs directly affects the residents’ drinking water safety. In order to reveal the characteristics of stratification and vertical
changes of bacterial communities in the Miyun Reservoir, a drinking water source of Beijing, vertical stratified samples were collected
during the stable stratified period of the reservoir (autumn). The vertical distribution characteristics of bacterial communities in the
Miyun Reservoir were studied by using 16S rDNA terminal restriction fragment length polymorphism ( T-RFLP) and quantitative PCR.
Cluster analysis and multivariate statistical analysis were used to reveal the response relationships between bacterial communities and
environmental factors. The results were as follows. (D The thermocline of the Miyun Reservoir was located at a water depth of 20-30 m,
and the water temperature range was 15-19°C. The cluster analysis data of the seven sampled water layers were divided into an aerobic
area (upper layer) and anoxic area (lower layer). The temperature, dissolved oxygen, and pH gradually decreased below 15 m. The
electrical conductivity, ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and total nitrogen changed significantly after 15 m. The
water quality showed obvious features in the vertical direction. @ The redundancy analysis ( RDA) results showed that there were
obvious vertical changes in the dissolved oxygen, pH, electrical conductivity, ammonia nitrogen, nitrate nitrogen, and nitrite nitrogen
between the aerobic and anoxic water layer. Those factors were the main environmental factors affecting the vertical distribution of the
bacterial communities in the Miyun Reservoir. 3 The total bacterial number fluctuated with changes in the water depth. The Shannon-
Wiener index and the number of T-RFs of bacteria in the aerobic zone were significantly higher than those in the anoxic zone, which
indicates that there was significant stratification in the distribution of bacterial communities in the water of the Miyun Reservoir in
autumn. This study explored the effects of water stratification on reservoir water quality and bacterial communities, and the findings
provide a scientific basis for predicting water quality changes and reservoir management.

Key words: thermal stratification; Miyun Reservoir; environmental factors; bacterial community distribution; terminal restriction

fragment length polymorphism ( T-RFLP)
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JEKREAE, S RTURRYE FRER R, (KR E
FALTREERG NS 5 HE D Z RN E, K& T2
PR B AT ] b 2 KRS8, 5 B0 R PR K
Ao 780 R RAIE ) X R A K EE B 5 A
W, TEARARIGY ZEY, BERZM A S S BT
IR i A PR AICR S TR R B R W ZE KRS 2 254
THIRHT, FIZAKRE FRERFNIE S E ) i se e 8 I
2=, SRR KR, A T 5 A 52 )
P IRARG 2 E5AE BT AT 2 S8 B R A K 5
HEMREAUKAEES RGNS, Fik, BEKE
WA JZ G N AR TR IR 72 6
TS (AR

VE R KRBT B TH B Ao, KIEES R
SGANE R 2R B AR, HXPKIEAES RS
e B EE AR A . A B IR
B 0 A8 e Ry b X K R B AT 8 5 1 48 R AR
FAU2 0 TR 40 AR B 22 B Bl 1 D
A RS R G FE S & AR HE. A OCHF 0N
g, IKARIG RSN ] 7K 2 K AR 1 0 B A )
i EA 2SR REKZEAASF A&
B, XS EUE AR AR K2 2 580K, It
TF 5 240 TR A 5 T /K AR T B 53 A X T fff A A3 J2 %)
KRR s B R . B, CA a2
XK 53 2 B AR MR VA S R AR AE R4 T TR G
WFZE. BN, Yu S0 6 W BGHE B K K 2 43 J2 15 3
FRE D RETE FRAE AT TARST, IR T B 1k 3
FORAETE 00 & B i ; Wang 551 BIFSE T KR4
O3 2N RS YR, % [ U P R
FOAEAS ) 22795 FIOK 2 B 22 5 547 T 1185 Yang
2T R Biolog Ty 325 R e 38 £ 0 R 0 9 T 4 4K
VRS G3 I I AN B RIS 4 AN T RE 2 RE 1, R
T AR LN S KR R TR O, B X R K
IK PEAK ARG JZ B ARAE MRV 2540 B O A A
KAGE, (ARFTE X I N .

9 7 7P S BB () KT B K P, KA B
a8 TR 2 AUKEET . (B, 432
5 7 7R AR [ 70T A %o 4 T BV 1 S ) S LB
RS, A EIT R — A 5T i L B
AR R At 5 e — 14 KA T A T TR R KK i, 2% =
IR BN 0 B W T B AR A fa e & 4. F
GO KR ARG J2 30 0 40 TR 8 5 R R AIE X PR
POKBRHAREERZ L. Wik, ABFE e K IR
TETEM—RTE, 5% o KR BT IR
KA, M T KRS AR T 5 2 HRAE ; IF
FH16S rDNA A bt B il 4 |- B 2 54 ( T-RFLP) Fl i@

i PCR W0 M7 60 T 4 v T 0 A, 48
N K PERKZE KA AT TR 0 S 20 B 7 T L0
AR, 3 BTKAARFR A3 2 X5 K BE K BT s e, LAY
7K AR A TN AN A A B R A HlE.

1 #R5EFEE

1.1 DXBURESL MR A ik

W KE(116°50'E, 40°23'N) A TAL 5t ii %
X RICT W, B S IX 20 23 km, Ab7EHE
IR s SO 2 N N R W= - SR I = P N B
FR I, JE— A MR () 2 B A FOK R
A3 R AL AT I 3 AN XL K IR A 188
km®, MPEZ43.754 m’, B RIKIEE 43.5 m, F1
KK 30 m. FFEINN, B =K PEAKARAEAE 53 2 B0
%, EB R NEE Z S H s RIS R
THANIR], KRR — A R I BRI R, 5™
ERAEIYIZEER TS BT, ARFST EBUE K
JERAT SR IR K IR IL) AT I By 2R AR, CREE
BEKIOKIR N 32 m. RAEERTE] 4 2014 K429 H
IKIERERE ST IR, KA 04 LIKIR | 281k
FHENS%, 85 m E R, HRET A
TEKZHIFES, 40020, 5, 10, 15, 20, 25 FI
30 m.

1.2 KJEERALS BT

AN R KSR, RFEH 23 75 % W9k
THEERY 500 mL =% B R A, R FE SR 4
FEfL 2 L, T 4CEGE M S50, Jf7E 24 h Wi T
G3HT.

o E A S s, IRE, e
pH FIA#E (DO) 5 EBE(TP) | BA(TN) | A
(NH; -N) . FA4 % (NO, -N) Flfil§ 2 & (NO; -N).
Hrp | MW E KB S8 AE KR, oS %
pH R M S, W J7 i R H 2 S 80K Bl 4 %
(HYDROLABMSS, HACH, ZEH); L5 = N E
SFRELE TP, TN, NH, -N, NO, -NFHINO; -N, il 5
J15 R FlAstar 3% 223 80 1 55 70 B ( FlAstar 5000,
FOSS, F}&) .

1.3 S FMAeEwHEAR
1.3.1 E DNA $2H

[ 252062 0, SRV 1 LK EERRA) G g frad
UE, BACHALAEN 30 wm AOBERR I I BRI T, B
FHALAE R 0. 22 pum FOTAFLIE B EL2S S8, DA
- 80°CUKFEIRAE A . Wty A T A ) ) T FL DB B e
A 50 mL K ELE T, BRI &R (E. Z.
N. A. ® Water DNA Kit, Omega Bio-Tek, USA) #2
B g /K B2 R g B DNA, $2EUAY DNA B4 B T



6 F B UKAE ;. AK KA 2 007K 5T 20 T RIS S0 A RPAIE 2747

—20°C UKAG AR A7 2
1.3.2 PCR P14

BEFH 41 B FH 519 27F (5'-AGAGTTTGATCCT
GGCTCAG- 3'); 1492R ( 5'-GGTTACCTTGTTA
CGACTT-3") X4 E 16S rDNA KL 47948 | Hiep
HI514 5 AT FAM 2564RiE. PCR 734k H 50
pL SRR 2 DNA BiA 10 pl, Bi/E5144% 2 pl,
2 x Tag PCR Master Mix 25 pL, fn Xﬂzﬁﬂ((ddeO)
FE RPN 50 wL. PCR SV AR B WNR . #iAE
PESAEH 94°C , 5 ming 94°C 781 30 s, 55°CIE k 30
s, 72°CHEMf 1.5 min, FLHE47 30 MER; &5 72°C
FE{# 10 min.
1.3.3 T-RFLP 43#7

PCR 9" 3479 ] 1% A9 B S 68 M v ARG I 4
AR, {diF TIANquick Mini Purification Kit 4lifkix
#4 (TIANGEN BIOTECH, Jt&0) %f PCR P24 ¥
alifk,, [ =9 % FH RR il 4 9 V) B Hha 1 ( Takara
FAEVTRERARAR, KiE) #1786, Y%
HE LI EEA AW E. H LR R Peak
Scanner Software v1. 0 434t.
1.3.4 ZtER PCR

¥ SYBR Green ¥, Hi ABI7500FAST #1%¢5Y;
FE T PCR X 17 16S rDNA A4 52 i 2¢ )l 528 43 Mt
(RT-qPCR). &+ PCR 5 F i 2 A=W 0
F %) SybrGreen qPCR Master Mix(2X). LA 16S rRNA
N Z, 51 ¥ %A Eub338 (5-ACTCCTACGGG
AGGCAGCAG- 3') F1 Eub518 ( 5-ATTACCGC
GGCTGCTGG-3"). K H 25 pl & & . SybrGreen
qPCR Master Mix (2X) 12.5 nL, 5% F (10
pmol-L™") A 5[4 R (10 pmol-L™") 4 0.5 ulL,
ddH,0 9.5 pL, DNA Btz 2 pL. PCR 0 4544
95°C T AL 4 10 min; 95°C A8 45 s, 60°C 1B K 1
min, 72°C ZEfH 1 min, 340 PMEIR; 4 72°C LEAH
1 min'?' BT 3 A FATREBOF I, P34
R A 100% , AR 0. 99.
1.4 HHESHIE

FIFH Excel 2013 B4t FALHE bR A4 B = B
TP HPALBE LA Origin 9. 0 %45 Bl E4T42 181, 3l
it SPSS 19.0 X £ 4l #4750 K 3 7 22 43 Hr ( One-
Way ANOVA) & Pearson #5&E 3.

FIKIZATH16S rDNAKE K § 3 7= V) £ Hha | T
PlG, 4 25/NF 50bp AT 500bp B T-RF', #
225 /NF 0. Shp A T-RF MU AH R B X 80 4%
F B v AL UEAT bR ofE AL A B 2 b AR X S N
1% W R B, S4458] 41 FARTRIW T-RFs F B, A
Fr B F—FhamE . A PRIMER 5. 0 #cft:

Xt T-RFLP 3§ EHEAT 20 M, 132009 41 S5 T-RFs
AR i i B B AR AERE, 1R Bl PRIMER 5. 0 4K
BT Bray-Curtis AHBIPE R ECMR SR 0 Hr &4 5
EI"J*EM‘@( Similarity ) . [] st s T35 20 o BV W)
ZFEEFEE, 1] Shannon 3654 (H) RomWFh ZFE1E |
H Margale 6§50 (D) XY P& B, H Pielou 5§
B () FomPrpy—E.

f&Bf CanoDraw for Windows 4. 5 Xt &E 7 47 HE
Fete. LA 7 ANFEAS v 40 1 TR A RS ARG = 22 20 Y
RPN O T A4 2 B A B B 5 722 1 A R Ay
4T DCA (detrended correspondence analysis )
HEP, 75 20 HE Bl i B K /N T 3.0, R4
RIREVE RS BRI SR 2R MM N O R, DR G 8 P B4
BEEETUAR T (RDA) 73 BIRE 7 | W0Fh | BREE I 7
FHE. R 0 e HE P AL

2 HREH

2.1 ZKARBEAE IR 3 B 5 AR FRAE

B K A RAE K 2 KA B AL B D0 7 45 5
1 s, Atscds i, MoKk HIRE AR T
BAET 0.2 Com ™ B, U BLAT KR B IR ERZ 25
T R (a) AT, AKETEKRIE O ~20 m Z[H]
TREPRFFTE 19.0 ~19. 4 Z [A], £ 20 ~30 m AbiRE
KHEREZL(P <0.05), M I9CKHFEE 15C, B
KIKIRERIZE. T % = K IR IR 2 7 B 3K,
MRER)ZE 2 F %A I W0 SR )2, X 5%%
“CEETEEEUHE ASE. B TP Ak, HAR AT
FRTE O ~15 m A TEI BARE, 6 IA MU 25 2 K A
KR FIRAA]. B, 7615 m LUF, JEER
J2 B R B A T A A SR AR AL, RIS B
B A EL A A0 REAE.

DO Fifi i B (1R [ 52 B v T A6 A9 2 Ak 34
(& 1(b)], DO 7E/KIE 20 ~25 m kb B F AR (P <
0.05), H15.43 mg L™ "BRFEZE 3.24 mg-L™", /K&
20 m LA'F DO ¥REE/NTF 4 mg- L1, /KIREEAS Ryl
RET. DO SR EA BEM I, HERECH
0.825(P<0.05), 7¢HII A 28 A8 2 52 ) 7K 4 %5 ik
AL EER R, BSRAEKEO0 ~ 15 m [RIFE
JE, TE 15 ~ 30 m Bl & KGR 38 i Bt [ 1
(¢)], SR 5 DO, pH, NO, -NFINO, -N 2 [&] ¥
W R RAREE(P <0.01), 5NH, -NHAH 5
FAEAENE(P <0.01) , 156 B K I fff 1k 5 1 Mk 8
Bm, SARURKE RS T EE A, %
=K pH 0 ~ 15 m AR HFAE 8.7, 7E 15 ~30 m &b
KAREE(P<0.05), BEE7.9 [K1(d) ], K
PR A S S
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NO, -NFINO; -NA Akt T—3 [ B 1(e) Ml 1
()], TEKE RS R, 7£25~30 m 4 EE
WA (P<0.05). NH-NWZ7E 20 m J5 &3 8
(P<0.05), 7£30 m ZbiA %K 0. 264 mg-L~" [ &
1(g)]. TN FEHRERZZ LB #ikEA%, BIAEKZEZ
e E I, FEIRJR IR R E 0. 276 mg-L™" [
1(h) ], TN TEJiE 2 f5m 7T BE A i T e h & i

fi e 8. AEKIE FJZ 1 ~20 m, NO; -N5 TN
Fo 9] B e A 45.6% ~ 63.8% , T2 25 ~30 m,
NH, -N{5§ TN K IE 67.5% ~76.5%. NO; -N
BB KERMN EEZWAILE, HRENH] N,
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Fig. 1 Environmental variables of water samples at different depths in the Miyun Reservoir
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Table 1  Distribution of dominant bacteria in water

samples collected at different depths
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